Introduction {#sec0001}
============

Avascular bone necrosis is a condition that affects usually the endochondral ossification centers in children, therefore osteochondrosis is also a term used for this condition. The most common types of foot osteochondrosis in children are those affecting the navicular bone (Kohler\'s bone disease) and the second metatarsal head (Freiberg\'s infraction or Freiberg\'s disease), which are identified usually radiologically and frequently are self-limiting. Various etiologies have been proposed that cause bone osteochondrosis including bone growth, repetitive microtrauma, vascular abnormalities, hormonal factors, and even dietary factors [@bib0001], [@bib0002], [@bib0003] although their etiology is unknown.

Seventeen cases of idiopathic primary osteochondrosis involving the cuneiforms have been described: One lateral cuneiform [@bib0004], 19 medial cuneiform [@bib0004], [@bib0005], [@bib0006], [@bib0007], [@bib0008], [@bib0009], [@bib0010], [@bib0011], [@bib0012], [@bib0013], [@bib0014], and only 4 in the intermediate cuneiform [@bib0016], [@bib0017], [@bib0018]. Of these, 12 had symptoms while the other 4 were incidental findings [@bib0004], [@bib0005], [@bib0006], [@bib0007], [@bib0008], [@bib0009], [@bib0010], [@bib0011], [@bib0012]. The radiological characteristics are similar in all described cases, including bone sclerosis and size reduction, but the duration of the symptoms may vary.

This study is the first to describe the magnetic resonance imaging (MRI) findings of a new case of primary idiopathic osteochondrosis of the intermediate cuneiform bone in a child with foot pain.

Case report {#sec0002}
===========

A 9-year-old boy presented with a 2 months history of pain in the right foot. The pain was associated with edema and reduced range of motion. Physical examination showed pain on palpation of the base of the third metatarsal and edema. The patient\'s medical history was collected with his parents and did not include neoplastic disease or prior surgery of the lower extremities.

An MRI of the right foot was performed 1 week after presentation. At that time, the patient was presumed to have a tendinous injury or bone contusion. The MRI showed bone edema of the intermediate cuneiform with mild sclerosis and smaller size in comparison with the medial and lateral cuneiforms ([Fig. 1](#fig0001){ref-type="fig"}). The radiology staff suggested that the ordering physician request a comparative radiograph or a CT (computer tomography) of the feet. A CT was performed ([Fig. 2](#fig0002){ref-type="fig"}) and showed normal left cuneiform bones. Surprisingly, there was asymptomatic left navicular osteonecrosis. The patient was treated with oral ibuprofen for 5 days. After 3 months of follow-up the patient was asymptomatic. No other imaging studies were ordered after symptom relief.Fig. 1MRI imaging of the right foot (a) Sagittal T2 FATSAT and (b) Sagittal T1 showing intermediate cuneiform bone sclerosis and edema, also with soft tissue edema (arrow). MRI (c) Axial T2 FATSAT and (d) Axial T1 showing smaller size of the intermediate cuneiform bone with edema and sclerosis (arrow).Fig 1Fig. 2Axial CT imaging of the feet (a) showing volumetric reduction of the right intermediate cuneiform (arrow) and of the left navicular bone (arrowhead).Fig 2

Discussion {#sec0003}
==========

Cuneiform bone osteochondrosis is an unusual cause of foot pain in children. The most common types of foot osteochondrosis are calcaneal apophysitis (Sever\'s disease), navicular bone (Kohler\'s bone disease), and second metatarsal head (Freiberg\'s disease). Our case report describes the MRI findings of a case of avascular necrosis of the intermediate cuneiform in a boy with foot pain without trauma.

Buchman et al [@bib0004] was the first author to describe 2 cases of osteochondrosis of the bilateral medial cuneiform bone, which also affected the navicular bone, followed by 2 descriptions by Haboush [@bib0008] and Meilstrup [@bib0009]. The first description of intermediate cuneiform osteochondrosis was done by Hicks et al in 1953, reporting 4 cases [@bib0015], [@bib0016], [@bib0017], [@bib0018]. None of the previous described cases had MRI findings. The etiology of osteochondrosis of bone in children is unknown. Currently it is believed to be a systemic and multifactorial condition probably due to hereditary factors, coagulopathy, hyperactivity, and passive smoking condition [@bib0019], [@bib0020]. Children with this condition usually have delayed bone age maturation compared with chronological age [@bib0021]. In the later stages of bone development, bone age speeds up to reach the corresponding chronological age.

Episodes of microtrauma or mechanical stress on the center of ossification have also been mentioned as one of the most common causes [@bib0012],[@bib0017],[@bib0018],[@bib0022], although Stanley and Betts [@bib0023] stated that only 5% of the affected bones had documented trauma when studying Freiberg\'s disease. Mubarak [@bib0004] speculated with regard to the possibility that avascular necrosis may occur in the foot bones in which the start of ossification occurred after the walking age, such as the navicular and cuneiform bones. Therefore, ossification before this age could be a preventive factor. Most cases of cuneiform bones osteochondrosis were reported in boys, such as our case [@bib0007],[@bib0015],[@bib0018]. Freiberg\'s disease reported to be more common in girls, while Kohler\'s bone disease is more common in boys.

Osteochondrosis of cuneiform bones is a transient, self-limiting condition that usually does not require treatment. Since it has a benign evolution and short duration of symptoms it is possible underdiagnosed. One of the 2 cases described by Buchman [@bib0005] and 3 of the 4 cases described by Vaquero Martin et al [@bib0012] were diagnosed by coincidence in radiographs requested for other reasons and were asymptomatic. It is even possible that it does not become evident because of the fact that its symptomatic evolution could be short, just as occurred in the case here presented. It may therefore be treated as an anatomical, as seen in Kohler\'s in the navicular bone and Sever\'s in the calcaneus bone, which may be present in radiographic signs ordered for other reasons than osteochondrosis. Curiously, it is important to note that in our case, the 'normal' asymptomatic left foot shows Kohler\'s disorder in the navicular bone ([Fig. 2](#fig0002){ref-type="fig"}).

There are other conditions that may cause foot pain in children that must be excluded. Leukemia patients may present with diffuse bone pain due to distension of the medullary cavities by proliferation of the hematopoietic tissue. Usually it is present in long bones and the spine. Another entity to differentiate is osteomyelitis that clinically presents with fever, local edema, swelling, and pain. It usually shows limited soft tissues changes in the radiograph in the first 5-7 days. From 7 to 10 days, radiographs depict irregular spotty areas of rarefaction due to the trabeculae absorption for local hyperemia. Longer evolution shows areas of radiolucency and sequestered dead bone.

Because of its benign nature, there is no indication for follow-up imaging, bone biopsies, or bone scans such as scintigraphy [@bib0004],[@bib0017]. Clinically, the symptoms include pain, edema, and some local tenderness, which resolve in 2-8 months [@bib0004].

Treatment is generally conservative [@bib0004],[@bib0012],[@bib0017],[@bib0018] with regression of the pain and restitution of bone shape and size. Rest or reduction in physical exercise as well as symptomatic treatment with non-steroidal anti-inflammatory and/or analgesic is appropriate. The most important aspect of this publication is to present the MRI findings of a case of osteochondrosis of the intermediate cuneiform bone as a very rare cause of foot pain. A precise diagnosis of this condition is paramount to orientate the correct management of the case, thereby avoiding unnecessary diagnostic tests and resulting in potentially damaging treatment such as casted immobilization, biopsies, or a surgical approach. Due to its benign nature as well as the possibility of it presenting with no symptoms, we believe that it may be considered as an anatomical variant.

Authors' contributions {#sec0004}
======================

IG provided the clinical data included in the text. IG wrote the manuscript draft. IG and AFY revised it critically and approved the modified text. IG, AFY, and AS approved the final version of the manuscript. All authors read and approved the final manuscript.

Availability of data and materials {#sec0006}
==================================

The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Consent for publication {#sec0007}
=======================

Written informed consent was obtained from the subject for publication.

Declaration of competing interests: The authors declare that they have no competing interests.

Funding: No specific funding was received from any funding bodies in the public, commercial, or not-for-profit to carry out the work described in this article.
